SUMMARY. Burkeite (Na6CO3(SO4)2) is found as a surface mineral in the north of Kenya associated with thenardite and halite and in the Konya basin in Turkey associated with trona and halite. The cell dimensions of a natural burkeite are a = 7.070, b = 9.220, c = 5.I73 A. The Gibbs energy of burkeite is estimated in relation to other sodium carbonates and sulphates. A G~298.,5 (burkeite) = 3594.2 + 3 kJ.
TWO new occurrences of the salt mineral burkeite (Na6CO3(SO4)2) were found in Kenya and in Turkey as a surface mineral on saline soils. Up till. now burkeite has only been found in Searles Lake California (Haines, 1957 (Haines, , 1959 . There burkeite is found in a drillhole from a depth of 28 ft to 465 ft always associated with trona (Na~CO3-NaHCO3-zHzO) and in association with one or more of the following minerals: halite (NaCI), hanksite (9Na2SO4" 2Na2CO3 -KC1), borax (NazB40 7. IOH20), thenardite (NazSO4) , pirssonite (Na2CO3-CaCO3"2H20), gaylussite (NazCO 3 -CaCO3 9 5H20), and northupite (NaECO3 9 MgCO3-NaC1).
Geological setting and paragenesis a. Kenya. Burkeite was found during a sampling trip in summer x977 in the north of Kenya along the eastern shore of Lake Turkana (the former Lake Rudolf) near the small village of Loiengalani. Most of the area east of the lake is covered with Miocene and Pliocene basalts. Some spectacular eruption centres can be seen.
Along the shore a lacustrine laminated clay loam occurs, which was deposited when the level of the lake was a few metres higher. In some places this impermeable clay is covered by a very permeable gravelly basaltic material. Water which infiltrates the gravelly basaltic material cannot penetrate the underlying clay and moves on the interface of the gravel and the clay. This water flowing down the surface of the clay evaporates and forms a salt crust. The salt crust consists of halite and thenardite. Around some cracks in the clay the salt looks (~ Copyright the Mineralogical Society a bit more glassy. This salt contains burkeite. S(canningt E(lectron) M(icroscope) pictures show rosettes of thenardite needles on burkeite. Halite occurs both in cubes and in patches with no crystalline form on burkeite and between the needles of the thenardite. Sometimes the thenardite needles are overgrown with a layer of halite. Fig. I is a SEM of pure burkeite from Kenya.
b. Turkey. In Turkey burkeite was found during a sampling trip in summer I978 in the Konya basin, which is a lacustrine plain in Central Anatolia. The Uplands of the basin are mostly formed of limestone formations but in some places also of andesitic volcanics. In the basin itself some stratovolcanoes occur. The plain consists of salt-affected clayey marl soils. From the edges some alluvial fans spread into the basin. Huge areas are covered with powdery and crusty salt, especially near the lower edges of the alluvial fans. These salts are mainly chlorides and sulphates of sodium and magnesium, but in the centre of the basin near Ak G61 sodium carbonates can be found. This is the only place where the pH of the ground water was found to be higher than 8. Here burkeite was found associated with halite and trona. They form a white salt crust, which formed as a result ofevapotranspiration and seals the surface.
Chemical analysis
Due to the small grain-size of the burkeite (a few micrometres measured on a SEM picture) and to its intimate intergrowth with other salt minerals, it is impossible to separate burkeite from its associated salt minerals. Therefore, no quantitative analysis could be performed and only some qualitative analyses have been made by means of an electron microscope equipped with an energy-dispersive system. In this way it was established that Na, S, and C are the major components.
Crystallographic properties
X-ray powder diffraction data of the natural burkeites were obtained with a Nonius Guinier camera using Co-Kc~l radiation, 2 = 1.7889 A. The data are listed in Table I . The calculated d-values show reasonable agreement with the measured ones. The cell dimensions were calculated using a program written by Visser (i969) . From powder diffraction data the space group is determined to be either Pmm2 or P222.
Stability and thermodynamic properties of burkeite
Eugster and Smith (I965) constructed an aco2 -an2o diagram for mineral reactions involving sodium carbonates and sodium sulphates. They labelled the fields of stable associations under the assumption that burkeite (a mixed carbonatesulphate) occurs with carbonates. This restriction is valid in the Searles Lake environment, as well as for the locality in Turkey, where burkeite has been found with trona and halite (see fig. 2a ). The burke~ ite in Kenya is found with thenardite and halite only, so for the Kenya environment the labels of the stability fields have to be changed accordingly (see fig. zb) FIG. 2a and b. aH2o-aco~ diagrams for the system Na2CO3-Na2SO4-H20. For abbreviations see Table II . B = burkeite. In fig. 2a fields are labelled assuming that burkeite occurs with carbonates. In fig. 2b fields are labelled assuming that burkeite occurs with sulphates. The coordinates of points I, 2, and 3 in fig. 2a are: IPco2 = 10 -4 atm., a~2 o = o.8I; 2Pco 2 = IO -2"6 atm., an2 o = 0.29; 3Pco~ = lO .4 arm., a~o = o.oi. In the enlargements of the details the slopes of the field boundaries are arbitrary but their relative steepness has been maintained. fig. 2 (see Table II ). The equilibrium fco2 between thermonatrite and nahcolite can be calculated as follows:
Tm+ CO2 ~ 2Nh (1) 9.215 OlO AGR = -RTlnK = +RTlnfco2;
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Oli at 298.r 5 K Jco2 = Io-4bar-4.172 lol In fig. 2a it can be seen that at thisfcQ and at an 3.854 120 aH2o where thenardite and mirabilite are in equilib-3.795 i 11 rium with each other (point I in fig. 2a) The accuracy of these values depends on the accuracy of the Gibbs energies of the individual minerals which take part in the reaction equations (L 2, 4, and 6). As there are no uncertainties given for the Gibbs energies of the sodium carbonates, we cannot give an exact uncertainty for the Gibbs energy of burkeite. Therefore, we estimated: AG1; 298.~5 (burkeite)= 3594.2+ 3 kJ. The Gibbs energy of burkeite is calculated from equilibrium relationships with respect to other minerals. As soon as the values of the Gibbs energies of the other minerals change, the Gibbs energy for burkeite has to be changed accordingly. Once the Gibbs energy of burkeite is known, the positions of all other equilibria in the diagrams can be calculated. It can be seen that burkeite can form under the atmospheric condition Jco2 = I0-35 atm and that during formation the solution must be rather concentrated (activity of H20 less than o.88), a stage which is easily reached during evaporation.
